Abstract: Two field experiments were conducted during 2012 and 2013 seasons at the Agricultural Experimental Farm of Suez Canal University at Ismailia in the first season and El-Manayf district in the second season in Ismailia Governorate to study the effect of four nitrogen fertilization treatments namely 25, 45, 65 and 25 Kg N/fad plus biofertilizer (Cerealin) as well as three plant densities namely 46666, 35000 and 28000 plants/fad resulted by sowing sunflower in ridges 60 cm in width and hill spacings 15, 20 and 25 cm on sunflower Sakha 53 variety in sandy soils. Increasing nitrogen fertilization up to 65 Kg N/fad significantly increased all growth characters, yield attributes as well as seed, biological and oil yields/fad. Applying biofertilizer (Cerealin) plus 25 Kg N/fad significantly surpassed 25 Kg N/fad alone in the above characters. Decreasing hill spacing up to 15 cm significantly increased seed, biological and oil yields/fad. There was significant interaction between nitrogen fertilization and plant density on seed, biological and oil yields/fad. The highest seed, biological and oil yields/fad were obtained by adding 65 Kg N/fad under dense planting of 46666 plants/fad.
INTRODUCTION
Sunflower (Helianthus annuus L.) is one of the most important sources of edible oil in the world. In Egypt the total production of edible oils is about 5% of the consumption. Sunflower is a promising oil crop for narrowing oil deficiency gap due to its adaptability to wide variation of soils and climatic conditions as well as the high oil content in its seeds. Increasing the area devoted to sunflower in the Nile valley is very difficult due to great competition from other summer cash crops and its lower net income compared to these crops such as cotton, rice and corn. Therefore, expanding area under sunflower should be taken in newly reclaimed sandy soils which facing many problems like low fertility especially nitrogen, poverty and high loss of nutrients by leaching.
The nitrogen deficiency in Egyptian sandy soils is one of the most limiting factors for sunflower production. Under these conditions there is great importance to estimate the optimum requirements of nitrogen fertilization
The favorable effects of applying mineral nitrogen fertilization on growth, yield attributes, seed yield and quality of sunflower were reported by Zeiton (1992) , Geweifel et al., (1997) , Metwally (1997) , El-Kalla et al., (1998) , Abou-Khadrah et al., (2000) , Basha (2000) , Abd El-samie et al., (2002) , Abou-Khadrah et al., (2002) , Ibrahim et al., (2003) , Khalil (2003) , Mohamed (2003) , Ali et al., (2004) , Al-Thabet (2006) , Ibrahim et al., (2006) , El-Sarag (2007) , Gholinezhad et al., (2009) , Hassan (2010) , Sala et al., (2010) , Soleimanzadeh et al., (2010) , Yasein (2010) , Ali et al., (2012) , Namvar et al., (2012) , Wabekwa et al., (2012) , Ali and Noorka (2013) and Sincik et al., (2013) .
Undoubtedly application of N chemical fertilizers not only raises the cost of production but also causes environmental pollution. Hence using bio nitrogen fertilizers may avoid these problems and increase the crop productivity. The beneficial effects of nitrogen biofertilizers (nitrogen fixing bacteria) on sunflower crop were demonstrated by Keshta and El-Kholy (1999) Mohamed (2003) , Aowad and Mohamed (2009) , Hassan (2010) , Akbari et al., (2011) , Namvar et al., (2012) and Patra et al., (2013) .
Cultivating sunflower in sandy soils should be preceded by accurate adopting of its agronomic practices on such lands especially determing the optimum plant density. Many investigators studied the effect of plant density on sunflower crop, Zeiton (1992) , Said (1993), Abd El-Samie et al., (1995) , Sarhan (1995) , Allam and Galal (1996) , Metwally (1997) , Basha (2000) , Malik et al., (2001) , Bassal (2003) , Olowe (2005) , Beg et al., (2007) , Hassan (2007) , Gholinezhad et al., (2009) , El-Naim and Ahmed (2010), Mehrpouyan et al., (2010) , Yasein (2010) , Bukhsh et al., (2011 ), Al-Doori (2012 , Ali et al., (2012) and Namvar et al., (2012) .
The present investigation aimed to study the response of sunflower Sakha 53 variety to mineral and bio nitrogen fertilization as well as plant density in newly reclaimed sandy soils at Ismailia Governorate.
MATERIALS AND METHODS
Two field experiments were conducted during 2012 and 2013 seasons at the Agricultural Experimental farm of Suez Canal University and El-Manayf district in Ismailia Governorate, respectively to study the effect of nitrogen fertilization and plant density on sunflower (Helianthus annuus L.).
The soil of the experiments was sandy with pH values of 7.83 and 7.71 and contained 4.59 and 6.83 ppm available N, 1.78 and 1.96 ppm available P, 10.22 and 11.15 ppm available K and 0.11% and 0.17% organic matter in the two seasons, respectively.
Each experiment included 12 treatments, which were the combinations of four nitrogen fertilization treatments and three plant densities.
The experimental design was split plots with four replicates. Four nitrogen fertilization treatments arranged randomly in the main plots, while the three plant densities were allocated at random in sub plots.
Each experimental sub plot consisted of six ridges, 4 meter in length and 60 cm in width (plot area was 14.4 m 2 ). Four nitrogen fertilization treatments were 25, 45, 65 and 25 Kg N/fad plus biofertilizer (Cerealin).
Three plant densities were 46666, 35000 and 28000 plants /fad resulted by sowing sunflower in ridges 60 cm in width and hill spacings 15, 20 and 25 cm.
The variety used was Sakha 53. Seeds were sown on May 13 and 10 in the first and second seasons, respectively. After 10 days from sowing sunflower plants were thinned to one plant per hill.
Nitrogen in the form of ammonium nitrate (33.5% N) at the previous rates was applied at three equal doses, after thinning (10 days from sowing), 25 and 40 days from sowing.
Biofertilizer (Cerealin) contains nitrogen fixing bacteria as a commercial packet was produced by Ministry of Agriculture in Egypt.
The treatment of Cerealin was done by coating seeds with Arab gum and inoculated with Cerealin before sowing immediately.
A basal dose of calcium superphosphate (15.5%P 2 O 5 ) at rate of 200 Kg/fad was applied at two equal doses. The first dose during soil preparing and the second one at 40 days from sowing.
A basal dose of potassium sulphate (48% K 2 O) at rate of 75 Kg /fad was applied at three equal doses, after thinning, 25 and 40 days from sowing.
The normal cultural practices for growing sunflower crop at Ismailia Governorate were followed.
After 55 days from sowing, five guarded plants were randomly taken from the second ridge of each sub plot to estimate leaves area per plant (cm 2 ) using dry weight method to Rhoads and Bloodworth (1964) , leaf area index (LAI) accounted by dividing leaves area per plant on land area occupied by one plant and total dry weight per plant (g).
At harvest time, after 100 days from sowing, samples of ten guarded plants were randomly taken from the two inner ridges in each sub plot to determine plant height (cm), stem diameter (cm) at 30 cm from surface soil, head diameter (cm), 100-seed weight (g), number of seeds/head, seed weight per head (g).
While seed yield (Kg/fad) and biological yield (ton/ fad) were estimated from the plants of the three inner ridges in each sub plot and the yields per fad were calculated.
Seed oil percentage was determined by using the Soxhelt continuous extraction apparatus with petroleum ether as an organic solvent according to A.O.A.C. (1975) . Oil yield (Kg/ fad) was calculated by multiplying oil percentage and seed yield per fad.
The analysis of variance of split plots design was used according to Snedecor and Cochran (1982) . The combined analysis of variance was performed for the data of the two seasons. Means followed by the same alphabetical letters are not statistically different according to Duncan ' s Multiple Range Test at the 5% level of significance (Duncan, 1955) .
RESULTS AND DISCUSSION
A -Effect of nitrogen fertilization:-Data in Table ( 1) show that increasing mineral nitrogen fertilizer level from 25 to 65 Kg N/fad significantly increased leaves area per plant, leaf area index and total dry weight per plant at 55 days from sowing in 2012 and 2013 seasons as well as their combined average. These results are in harmony with those reported by Abou-Khadrah et al., (2000) , Ibrahim et al., (2003) , Hassan (2010) , Yasein (2010) and Wabekwa et al., (2012) .
Adding the high nitrogen level of 65 Kg N/fad resulted the highest values of leaves area per plant, leaf area index and total dry weight per plant at 55 days from sowing and it deviated in this respect significantly with the treatment of 25 Kg N/fad plus biofertilizer (Cerealin) in the two seasons and the combined data except leaves area/plant in 2013 season where the variance was insignificant.
Applying biofertilizer (Cerealin) plus 25 Kg N/fad surpassed significantly 25 Kg N/fad alone in the aforementioned characters and that held true in both seasons and the combined data (Table 1) . Similar results were obtained by Shehata and El-Khawas (2003) , Aowad and Mohamed (2009) and Mostafa and AboBaker (2010) .
It is obvious from Table ( 2) that stem diameter at harvest increased significantly with applying nitrogen fertilization until 45 Kg N/fad and further increase in N rate resulted in no significant increase in the two seasons and over them. Similar results were found by Metwally (1997) , Ibrahim et al., (2003) and Yasein (2010) .
Adding biofertilizer (Cerealin) with 25 Kg N /fad overcome significantly 25 Kg N/fad alone in stem diameter in 2012 and 2013 seasons as well as the combined data. Confirming results were emphasized by Aowad and Mohamed (2009) .
Results in Tables (2 and 3) indicate that plant height, head diameter, seed weight per head and 100-seed weight at harvest were significantly increased with adding nitrogen fertilization up to 65 Kg N/fad and that was true in the two seasons and over them. These results are concordant with those found by Ibrahim et al., (2006) , El-Sarag (2007) , Hassan (2010) , Yasein (2010) , Ali et al., (2012) and Ali and Noorka (2013) .
Application of biofertilizer (Cerealin) plus 25 Kg N/fad surpassed significantly 25 Kg N/fad alone in the aforementioned characters in both seasons and their combined average. Confirming results were recorded by Mohamed (2003) , Hassan (2010) and Patra et al., (2013) .
Number of seeds per head at harvest was increased gradually by increasing nitrogen fertilization up to 65 Kg N/fad, which also overcome the treatment of 25 Kg N/fad plus biofertilizer (Cerealin), however the difference among the four nitrogen treatments was not great enough to reach the 5% level of significance in the two seasons and over them except between the high N level of 65 Kg N/fad and 25 Kg N/fad in the second season and the combined data (Table 3) . These findings are in same trend with those found by Zeiton (1992) , Geweifel et al., (1997) , Abou-Khadrah et al., (2000) and Yasein (2010) . Response of Sunflower to Nitrogen Fertilization and Plant Density in Sandy Soils Data in Table ( 4) illustrate that seed oil percentage was significantly increased as nitrogen rate decreased up to 25 Kg N/fad in 2012 and 2013 seasons as well as over them. These resulted were expected since the low nitrogen level resulted smaller seeds (100-seed weight) as shown in Table ( 3) and this might be on the expense of carbohydrate storage rather than oil which resulted in increasing percentage of the later. Similar findings were obtained by Al-Thabet (2006) , Hassan (2010) and Ali et al., (2012) .
It is clearly evident from Table (4) that seed, biological and oil yields/fad increased statistically with increasing nitrogen rate up to 65 Kg N/fad, which also surpassed significantly the treatment of 25 Kg N/fad plus biofertilizer (Cerealin) in the two seasons and their combined average.
Application of biofertilizer (Cerealin) plus 25 Kg N/fad induced significant increase in seed, biological and oil yields/fad compared to 25 Kg N/fad alone and that held true in both seasons and over them ( Table 4) .
The relative increases in seed yield/fad for applying 65, 45 and 25 Kg N/fad plus biofertilizer (Cerealin) compared to 25 Kg N/fad were 37.89 %, 18.17% and 21.14%, respectively in the combined data (Table 4) .
The favorable effect of nitrogen application on seed yield per fad might be due to that nitrogen is the most important essential nutrient in plant nutrition, it is a constituent of a large number of necessary organic compounds such as amino acids, proteins, coenzymes, nucleic acids, ribosomes, chlorophyll, cytochrome and some vitamins (Marschner, 1986) . Moreover N enhances photosynthesis rate and metabolic processes which reflected on encouraging leaves area per plant and leaf area index which increase the amount of light energy intercepted by plants, consequently increment the amount of metabolites synthesized in the leaves and partitioned to fruiting organs which reflected favorably on head diameter, 100-seed weight, number of seeds/head and seed weight per head, ultimately increased seed yield per fad.
Many investigators stated that increasing nitrogen fertilization increase seed yield/fad, Zeiton (1992) , Abou-Khadrah et al., (2002) , Khalil (2003) , Mohamed (2003) and Hassan (2010 ) up to 45 Kg N/fad, Metwally (1997 ), Abd El-Samie et al., (2002 , Ibrahim et al., (2003) and El-Sarag (2007) up to 60 Kg N/fad, El-Kalla et al., (1998) up to 70 Kg N/fad, Geweifel et al., (1997) , Basha (2000) and Ibrahim et al., (2006) The observed benefits on sunflower inoculated by biofertilizer (Cerealin) which contains nitrogen fixing bacteria seem to be due to the supply of higher amount of nitrogen by bacteria. Also plant growth regulators such as Auxins, Gibberellines and Cytokinins produced by these bacteria which promote good root development, hence increase nutrients uptake and water as well as photosynthesis rate and dry matter accumulation which enhance plant growth characters i.e. plant height, total dry weight of plant, leaves area/plant, leaf area index and stem diameter which reflected on yield attributes such as number and weight of seeds/head and 100-seed weight finally increase seed yield per fad.
Many investigators stated that applying biofertilizers increased seed yield per fad, Keshta and El-Kholy (1999) , Mohamed (2003) , Aowad and Mohamed (2009), Hassan (2010) and Patra et al., (2013) .
The increase in biological yield per fad by adding nitrogen fertilization might be due to that N encourages cell division, the meristemic activity, plant height, leaves area per plant, leaf area index, photosynthesis rate and enzymes activity which increase the amount of metabolites synthesized by plant, in turn resulted in higher dry matter accumulated in the different parts of plant such as stem, leaves, head and seeds, hence increment biological yield per fad.
These results are in conformity with those reported by Geweifel et al., (1997) who demonstrated that biological yield per fad was increased by increasing nitrogen fertilization up to 90 Kg N/fad, Ibrahim et al., (2003) up to 60 Kg N/fad, Ali et al., (2004) The increase in oil yield per fad by increasing nitrogen rate could be mainly due to the increase in seed yield/fad regardless the negative effect of that on seed oil percentage.
Several researchers revealed that oil yield/fad was increased by increasing nitrogen fertilization, Basha (2000) , Mohamed (2003) , Al-Thabet (2006) , Hassan (2010) , Yasein (2010) and Sincik et al., (2013) .
Many investigators concluded that biofertilization increased oil yield/fad of sunflower, Mohamed (2003) , Aowad and Mohamed (2009), Hassan (2010) and Akbari et al., (2011) . Table ( 1) illustrate that increasing plant population density from 28000 to 35000 and 46666 plants/fad by decreasing planting distance between hills from 25 to 20 and 15 cm, respectively significantly increased leaf area index at 55 days from sowing in both seasons and over them. Similar results were found by Sharief and Said (1993) , Gholinezhad et al., (2009) and El-Naim and Ahmed (2010) .
B-Effect of plant density:-Data in
Results in Table ( 1) show that leaves area per plant and total dry weight per plant at 55 days from sowing were significantly increased as hill spacing broaden up to 25 cm and that was true during 2012 and 2013 seasons as well as their combined average. Confirming findings were recorded by Malik et al., (2001) , Hassan (2007) , Yasein (2010) and Al-Doori (2012) .
Plant height at harvest increased significantly as planting distance was decreased from 25 to 20 cm, however further decrease in hill spacing gave insignificant increase in the two seasons and over them (Table2). These results might be due to higher competition among plants for light in dense plant population, resulting in elongation of internodes and in turn gave taller plants. Similar results were obtained by Bassal (2003) , Bukhsh et al., (2011) and Namvar et al., (2012) . Increasing hill spacing from 15 to 20 cm significantly increased stem diameter at harvest, then any increase in planting distance resulted no significant increase and that held true in the two seasons and over them (Table 2) . Confirming results were found by Metwally (1997) , Beg et al., (2007) , Yasein (2010) and Namvar et al., (2012) .
Decreasing plant density up to 28000 plants/fad through increasing planting distance from 15 to 20 and 25 cm produced significant increases in head diameter of sunflower in the two growing seasons and over them, except that between 15 and 20 cm in the first season where the difference was not great enough to reach the 5% level of significance (Table 2) . These results agree with those found by Sarhan (1995) , Basha (2000) and Ali et al., (2012) .
The data presented in Table ( 3) reveal that increasing hill spacing from 15 to 20 and 25 cm produced significant increases in number of seeds per head, seed weight per head and 100-seed weight and that was true in the two seasons and their combined average. These results might be attributed to the more availability and sufficiency of different growth factors such as space, light, moisture and nutrients, which increase plant growth especially leaves area per plant and photosynthesis rate in turn enhance dry matter accumulation in leaves and partitioned to seeds consequently increase yield components such as number and weight of seeds per head and 100-seed weight. These results are in conformity with those found by Zeiton (1992) , Sarhan (1995) , Allam and Galal (1996) , Metwally (1997) , Basha (2000) , Yasein (2010) , Ali et al., (2012) and Namvar et al., (2012) .
It is clearly evident from Table (4) that seed oil percentage was significantly increased by decreasing hill spacing from 25 to 20 cm in the two seasons and the combined data. The increase in seed oil percentage in dense planting may be due to that plants sown in narrow hill spacing produced light seeds (100-seed weight) as shown in Table ( 3) and this might be on the expense of carbohydrate storage rather than oil which resulted in incrementing percentage of oil. Similar findings were emphasized by Abd El-Samie et al., (1995) , Allam and Galal (1996) and Ali et al., (2012) .
Data in Table ( 4) demonstrate that there were consistent and significant increases in seed, biological and oil yields per fad as plant density was raised up to 46666 plants/fad via decreasing planting distance up to 15 cm and that held true in both seasons and over them.
The highest plant density of 46666 plants/fad outyielded medium and low densities (35000 and 28000 plants/fad) in seed yield/fad by 11.68% and 26.77%, respectively in the combined data as given in Table (4). The positive effect of increasing plant population density on seed and biological yields per fad might be due to that the greater number of sunflower plants per unit land area in narrow hill spacing could compensate the reduction in yield components of the individual plants such as number of seeds per head, 100-seed weight and seed weight per head. It is great importance that the unit land area not the individual plant, produces its maximum yield/fad.
These results are in harmony with those reported by Sarhan (1995) , Metwally (1997) , Malik et al., (2001) , Olowe (2005) , Hassan (2007) , Gholinezhad et al., (2009 ), Mehrpouyan et al., (2010 , Yasein (2010) , Bukhsh et al., (2011) and Namvar et al., (2012) .
The increase in oil yield per fad in dense planting could be mainly due to the increase in both seed yield per fad and seed oil percentage in higher plant density.
Several investigators emphasized that oil yield/fad increased by increasing plant density, Zeiton (1992) from 20000 to 46666 plants/fad, Sharief and Said (1993) from 28000 to 56000 plants/fad, Allam and Galal (1996) from 24000 to 33600 plants/fad, Mehrpouyan et al., (2010) C-Interaction effect:-The combined analysis of variance for the data of the two seasons revealed that there was significant interaction effect between nitrogen fertilization and plant density on seed oil percentage as well as seed, biological and oil yields per fad as shown in Table (5). The highest seed oil percentage was produced from plants fertilized with low N rate of 25 Kg N/fad under the dense planting of 46666 plants/fad .While the lowest one was recorded by adding high N level of 65 Kg N/fad under light density of 28000 plants/fad.
The highest seed, biological and oil yields per fad were obtained by plants under dense planting of 46666 plants/fad when high N rate of 65 Kg N/fad was applied. While the lowest one was recorded from plants under thin density of 28000 plants/fad when low N level of 25 Kg N/fad was added. Zeiton (1992) reported that the highest seed yield/fad was achieved from plant density 46666 plants/fad and applying 45 Kg N/fad. Also, Al-Thabet (2006) concluded that the highest seed and oil yields/ha was obtained by application of 200 Kg N/ha with sowing at 25 cm between hills. Moreover, Hassan (2007) stated that the highest seed and oil yields/fad were achieved by sowing at 20 cm hill spacing and applying 60 Kg N/fad. Gholinezhad et al., (2009) T a b le ( 4 ) : E f f e ct o f n i t r o g e n f er t il iz a ti o n a n d p la n t d e n s it y o n s e ed , b io lo g ic a l a nd o i l yi e ld s / f ad a s we l l a s s eed o i l p e r c e nt a g e a t h ar v es t. 
